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Transparent mastcrbatchcs for thcrmoplasticB 

The pies^ invention relates to a transparent masterbatdi for improving tiie surface properties 
of thennoplasticsy and the transparent thermoplastic, and to aprocess for preparing it 

5 

The term masterbatdi refers to concentrates, Le^ additives finely dispersed in high 
concentration in a carrier material. Such concentrates are used, by metered addition of the 
masterbatch during the processing of the pellets to a semifinished product or finished 
molding to equip the polymer or plastic in accordance with its application. By this means it is 
10 possible, for example, to make specific acyustments to the mehhunicral properties, col<», 
thermal stability, stability to oxidation, etc. Customary additives include heat stabilizers and 
light stabilizers, optical brigjiteners, antistats, lubricants, antiblocking agents, nucleating 
agents, fillers, dyes, jrigments, and flame retardants. 

15 A basic principle when using masterbatches is that during the processing of the pellets, in the 
case of plastics the extrusion operation, ibr exairq>le, the time in the melt is used in order to 
distribute the additive, via the masterbatch, rapidly and homogeneously in the pellets. This 
leads not only to precise metering of the additive but also to simple and reliable handlings 
such as absence of dust^ for exan^le. 

20 

Masterbatches can generally be prepared using, for example, high-speed mixers, Banbury 
kneaders or extruders and, depending on preparation method and application, have the 
following composition: 

25 10 -90% by weight additive 

1 0 - 90% by weight carrier material or polymer of the kind at which the sq^Hcation is aimed 
0 - 10% by wei^t acyuvants. 

Since custon:iaty masterbatches in plastic generally comprise largely insoluble components 
30 and since the particle size of the additives used is weU within the visible range of li^t^ i.e., 
above about 400 mn, the light ttansmittance of the masterbatch and of the end product is 
adversely afEected.' 

It was the object of the present invention to provide a masterbatch for thermoplastics tiiat 
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enhances the propCTties of tihie plastic produced from it as compared with the state of the art 



Suipiisingly it has been found that a masterbatoh which compxises a thennoplastic earner 
material and from 10% to 60% by weight of polyhedral oHgomeric siUcon-oxygen clusters is 
5 ttanspaient The achievement of the object was all the more suiprising since it was found that 
the thermoplastics produced therefrom continue to retain flieir transparency throu^ mixing 
with the masterbatch. A further surprise was ihat the surface properties, such as scratch 
resistance and tactility, for example, are influenced positively by the masterbatoh of the 
invention. 

10 

By a polyhedral oligomeric silicon-oxygen cluster is meant, pi^erably, the two classes of 
conipound represented by the silasesquioxanes and the spherosilicates. 



Silasequioxanes are oligomeric or polymeric substances whose fully condensed 
15 representatives possess the g^meial femrala (SiOa/zR)^, where n > 4 and the radical R can be a 
hydrogen atom but is usuaUy an organic radical The smallest structure of a silasequioxane is 
the tetrahedron. Voronkov and Lavrenfyev (Top. Cuit. Chem. 102 (1982X 199-236) describe 
the synthesis of fiilfy condensed and incompleteftr condensed oligomeric silasequioxanes by 
hydrolytic condensation of trij&mctional RSiYa precursors, m which R is a hydrocarbon 
20 radical and Y is a hydrolyzable group, such as chloride, alkoxide or siloxide, for example. 
Lichtenhan et al. describe the base-catalyzed preparation of oligpmeric silasesquioxanes (WO 
01/10871). Silasesquioxanes of tiie formula RgSigOu (with identical or diffeent hydmcarbon 
radicals R) can be reacted with base catalysis to form functionalized, mconq>lete]y condensed 
silasesqukonanes, such as R7Si709(OH)3 or else R«Si80n(OH)2 and R8Si80io(Om4, (Chem. 
25 Commun, (1999), 2309-10; Po^, Mater, SdL Eng. 82 (2000), 301-2; WO 01/10871) and 
hence serve as parent confound for a multiplicity of different, incon^letely condensed and 
functionalized silasesquioxanes. The silasesquioxanes (trisilanols) of the formula 
R7Si709(0]^ in particular can be converted, by reaction with functionalized monomeric 
silanes (comer capping), mto correspondmgly modified oHgomeric silasesquioxanes. 

30 

Oligomeric sphraosilicates have a constmction similar to tiiat of the oligpmeric 
silasesquioxanes. Tbsy too possess a "cagelike" structure. Unlike tiie silasesquioxanes, owing 
to tiieir preparation method, the silicon atoms at the comers of a spherosilicate are connected 
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to a fbrlher oxygen atom, which in turn is substituted further. Oligomeric spherosilicates can 
be prepared by sOylating suitable silicate piecursots (D. Hoebbel, W, Wieker, Z. Anorg. Allg. 
Chem. 384 (1971), 43-52; P. A. Agaskar, Colloids Surf. 63 (1992), 131-8; P. G. Hanison, R. 
Kannengiesser, C. J. Hall, J. Main Qiov^ Met Chem, 20 (1997), 137-141; R. Weidner, Zeller, 
5 B. Deubzer, V. Fiey, Ger, OfEbn. (1990), DE 38 37 397). For example, die spherosiKcate with 
the stnicture 2 can be syndiesized from the silicate precursor of the structure 1, which in turn 
is obtainable firom the reaction of Si(0£t)4 with choline silicate or by the reaction of waste 
products fiom the harvesting of rice with tetramethylammonium hydroxide (R. M. Laine, L 
Hasegawa, C, Brick; J. Kanjpf, Abstracts of Papers^ 222nd ACS National Meeting, Chicago, 
10 IL, United States, August 26-30, 2001 , MTLS^l 8), 




1 2 

The silasequioxanes and the spherosiUcates are both thermally stable at temperatures up to 
several hundred degrees Celsms. 

The present invention provides a transparent masterbatch for improving the surface properties 
of thermoplastics, said masterbatch containing from 10% to 60% by weight of polyhedral 
oligomeric silicon-osrygen cluster units in accordance with the formula 



25 [0R»>&SiOu)m (RcXdSiO)n CReXfSi202.5)o (RfiXhSi202)p] 



where: 
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a,b,c = 0-l;d=l-2ie,f,g = 0-3;h==l-4;m4iritHi)^4;art = l;c^ e4-f«3andg+h 
=4; 

R = hydrogen atom, alkyl, cycloalky], alkenyl, cycloalkenyl, alkynyl, cycloaDcynyl group or 
polymer unit each substituted or unsubstituted, or furlher functionalized polyhedral 
5 oligomeric silicon-ojQrgen cluster units attached via a polymer unit or a bridging unit, 

X = oxy, hydroxy, alkoxy, carboxy, silyl, alkylsUyl, alkoxysflyl, sUoxy, alkylsiloxy, 
alkoxysiloxjr, silylaBcyl, alkojQrsilylallgd, alkylsilylalkyj, halogen, cpoxy, ester, fluoroalkyl, 
isocyanate, blocked isocyanate, acrylate, methaciylate, nitrile, amino, pho^bine or polyether 
group or substituents of type R containing at least one such group of type X, 
10 the substituents of type R bdng identical or different and the substituents of type Xbdng 
identical or different and ftom 40% to 90% by weight of a thermoplastic carrier material 

The present invention also provides a process for preparing a transparent Aermoplastic, which 
comprises mixiiig one part by weight of the masterbatch of the invention into fiom 3 to 11 
15 parts by weight of a thermpplaslic polymer mechanically without solvent at a tempCTature of 
at least SC'C. 

The invention further provides a transparent thermoplastic prq>ared t>y the process of the 
invention, wherein the concentration of the polyhedral oligomeric silicon-oxygen cluster units 
20 in the polymer conq>osition is not more than 5% by wd^t 

The znasteibatch of the invention has flie advantage over the prior art that the polyhedral 
oligomeric silicon-oxygen cluster units are present in extremely finely divided form in the 
themioplastic carrier material; in other words, fbe particle size of the polyhedral oligomeric 

25 silicon-oxygen chisters is well below the wavelength of visible light. The fillers added m 
accordance with &e prior art to increase the hardness and scratch resistance, by contrast, are 
inorganic in nature and have a particle size which is above ftte wavelengOt of visible light 
The masterbatch of the invention is therefore highly suitable for the preparation of tmnsparent 
tiiennoplastics. The plastics prepared by means of the masterbatch of the invention, 

30 furthermore, display a transparency, provided that the plastic was alreac^ transparent before 
the masterbatch was added. As well as the positive aspect in relation to the transparency, it is 
also possible for the addition of fte masterbatch of the invention to raise fhe scratch resistance 
as con5>ared with the plain tiiennqplastia A fiirfher advantage of the masterbatch of the 
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invention is flie increase in the gjass transition temperatme of tiie thennoplastic. Another 
adi^tageous feature of the masteifaatch of the invention is that the tactility of tiie 
Ihennoplastics prepared from it is enhanced. Moreover, the masterbatch of the invention 
features good processing properties. Use of the masterbatch of the invention results not only 
5 in an increase in Ihe scratch resistance of the plastic, with retention of the light transmittance, 
but also hi an inciease in the thermal stability and in an increase in the electrical resistance. In 
contradistinction to many conventional additives, it is possible, by way of the substitu^ts of 
the polyhedral oligomeric silicon-oxygen cluster units, to control the behavior of the 
masterbatch of the inv^tion and hence also to influence the properties of tiie plastic which 

10 results from it The physical and chemical properties can therefore be tailored. The polarity 
can be set by way of die substituents of type R and X on tiie polyhedral oligomeric silicon- 
oxygen chister units. By way of the different structure and polarity of tiiese substituents it is 
possible to control whetiier the potyhedral oligomeric silicon-oic^gen cluster units will have a 
more organic or more inorganic character. Depending on stmcture, tiie polyhedral 

IS masterbatches of the invention can have great thermal stabilily. 

The transparent masterbatch of the invention for improving the surface properties of 
tiiermqplastics inventively contains from 10% to 60% by weight of polyhedral oligomeric 
silicon-oxygen dust^ units in accordance with the £umula 

20 

I(RaXbSiOi^)m (RoXdSiO)a (RcX^i20x5)o CRsXhSi202)p] 

where: 

a, b, c = 0-1; d= 1-2; e, 5 g = 0-3; h = 1-4; m-HtH-o4p ^ 4; a+b = 1; c+d = % e4f =3 and g+h 
25 -4; 

R = hydrogen atom, alkyl, cycloaHgrl, alkenyl, cycloalkei^l, alkynyl, cycloalkynyl group or 
polymer unit, each substituted or unsubstituted, or frirdier frmctionalized polyhedral 
oligomeric silicon-ojiygen cluster uruts attached via a polymer unit or a bridging unit, 
X = oxy, hydroxy, alkoxy, carboxy, silyl, aUgrlsOyl, alkoxysilyl, silojQr, aUg^lsHoxy, 
30 alkoxysiloxy, silylalkyl, alkojqrsilylalkyl, allqrlsflylalkyl, halogen, epoxy, ester, fluoroalkyl, 
isocyanate, blocked isocyanate, acrylate, methacrylate, nitrile, amino, pho^hine or polyether 
group or substituents of type R containing at least one such group of type X, 
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the substituents of type R being identical or different and the substituents of type X being 
identical or different and finom 40% to 90% by weight of a thennoplastic caiiier noateriaL 

The masteibatch of the invention contains preferably from 20 to 50% by weight of polyhedral 
5 oligomenc silicon-oxygen cluster units and fiom 50% to 80% by wei^t of the Uiennoplastic 
carrier matmal, more preferably from 20% to 40% by weight of polyhedral oligomenc 
silicon-oxygen cluster umts and from 60% to 80% by weight of the tiiermoplastic earner 
materiaL 

10 The thermoplastic carrier material of the mast^batch of the invention ptefi^ably comprises at 
least one polymer selected firom polyester, copolyester, polycarbonate, polyamide, 
copolyamide, polyether-block-amide, cyclic olefin copolymer (COC), polymethyl 
methaciylate, polyphenylene eth^, polyurethane, polysiloxane, polysilane, 
polytetrafluoroethylene, polyoxymethylene, polyvinyl chloride, vinyl chloride copolymer, 

IS polystyrene, copolymers of styrene, acrylonitrile-butadiene-styrene copolymers (ABS 
polymers), s^ene-acrylonitrile copolymm (SAN polymeis) or rubber. Preferably tiie 
thermoplastic carrier material comprises at least one polymer selected £Dom polyester, 
copolyester, polymethyl methaciylate, polycarbonate, polyamides, cppolyamides or 
pol^ether-block-amides. 

20 

In one particular embodiment of the masterbatch of the invention the thermoplastic carrier 
material conqnises forther additives, examples being heat stabilizers and light stabilizers, 
optical brighteners, antistats, lubricante, antibloddng agents, fillers, dyes or pigments — 
depending on the subsequent use of the plastic. 

25 

The polyhedral oligomenc sHicon-oxygen clustets of the masterbatch of the invention 
preferably contain substituents of type X, which represent an amino, hydroxy, carboxy, 
isocyanate, epoxy, polyether, alko^sOyl, siloxy, alkylsiloxy, alkoxysiloxy or alkoxysilylalkyl 
group. The polyhedral oligomeric silicon-oxygen clusters preferably contain a siibstituent of 
30 type X selected fiom alkoxysilyl, sDosqt, allQrlsiloxy, alkoscysiloxy, alko^Qrsilylalkyl, ammo, 
hydroxy, isocyanate or epaxy group. With particular preference, however, the substituent of 
the type X or of the type R contains a vinylic group. 
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On the basis of tiieir molecular cbaracter Hie polyhedral oligomeric silicon-oxygen clusters of 
the masterbatch of the invention possess a uniform and de&ed molecular weight In one 
particular embodiment of tiie masterbatch of the invention the polyhedral oligomeric silicon- 
oxygen cluster unit has a molecular weight of preferably at least 400 g^mol, more preferably 
S fiom 400 to 2500 g/mol, and with particular preference fiom 600 to 1500 ^moL 

The molecular size of the polyhedral oligomeric silicon-oa^rgen clusters of the masterbatch of 
the invention can be increased by joining two or more polyhedral oligomeric silicon-oxygen 
cluster units, functionalized with two reactive groups X, by means of condensation by way, 

10 for example, of a spacer and/or of the functional groups of the substituent of type X. 
Enlargement can also be achieved by means of homopolymerization or copolymenzation. The 
masterbatch of the invention comprises polyhedral oligomeric silicon-oxygen clusters which 
preferably have a molecular size of not more than 100 nm, more preferably not more than 
50 nm, very preferably not more than 30 nm, and with particular preference not more than 

15 20 nm. 

It can be advantageous for the masterbatch of the invention to comprise polyhedral oligomeric 
silicon-oxyg^ cluster unit based on the structure 3 

X* 

\ 

Si A ^' O 
/ ? \ / 

^^'^^-^ V 

20 ^ 



where « substituent of type X or of type -O-SiXa, X^ = substituent of type X, of type 
25 -O^^iXa, of type R, of type -O^iX^R, of type -O-SiXRi or of type -O-SiRs, 

R ~ hydrogen atom, allQrl, cydoalkyl, alkenyl, Qrcloalkenyl, aUcynyl or cycloaQcynyl 
group or polymer unit, each substituted or unsiibstituted, or further functionalized 
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polyhedral oligometic silicon-oxygen cluster units, attached via a polymer unit or a 
bridging unit, 

X = oxy, hydroxy, alkoxy, carboxy, silyl, alkylsUyl, alkosysilyl, sHoxy, alkylsiloxy, 
alkoxysiloxy, silylalkyl, alkoxysilylalkyl, aJkylsilylalkyl, halogen, epoxy, ester, 
5 fluoroalkyl, isocyanate, blocked isocyanate, acrylate, methaciylate, nitrile, amino, 

phosphine or polyether group or substituents of type R containing at least one such 
group of type X. 

The polyhedral oligomeric silicon-oxygen cluster unit of the masteifoatch of the invention is 
10 preferably fijnctionalized; in particular, the polyhedral oligomeric silicon-oxygen cluster unit 
represents a spherosilicate unit in accordance ynfSb. die formula 

[(RcX^i202.5)o (RsXhSi202)p] where e, f, g = 0-3; h = 1-4; o4p ^4; e+f = 3 and gfh = 4, 

15 but preferably a ^nctionalized oligomeric spherosilicate unit, but more piefecabty a 
silasesquioxane unit in accordance witii the formula 

[(RaXbSiOi j)m (RcXdSiO)J v^m a, b, c = 0-1; d = 1-2; mfn ^ 4; a+b = 1; c+d 2, 

20 but very preferably a functionalized oligomeric silasesquioxane unit Very particular 
preference is given to nucleatmg agents based on an oligpmeric silasesquioxane unit in 
accordance with structure 4, 5 or 6, 
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6 

wliere R = hydiogen atom, alkyl, cycloalkyl, alfcenyl, cycloalkenyl, alkynyl or cycloaUgoiyl 
groiQj or polymer miit, each substituted or unsubstitixted, or ftoHier functioiialized oligomeric 
silasesquioxane units attached via a polymer unit or a bridging miit 

5 

The masteibatch of the invention comprising iunctionalized oligomeric silasesquioxane units 
can be obtained by reacting silasesquioxanes having fiee hydroxy groups with monomeric 
functionalized silanes of the structure Y3Si-X\ YiSiX^X^ and YSiX^X^X^ where the 
substitntent Y is a leavmg group selected fiom altoxy, carbo:^, halogen, silyloxy or amino 

10 groiip, the substituents X^ X^ and X^ are of type X and are identical or different where X = 
oxy, hydroxy, alkoxy, carbojiy, silyl, alkyJsilyl, altoxysilyl, siloxy, alkylsiloj^r, alkoxysiloxy, 
silylalkyl, alkoxysilylalkyl, alkyMylalkyl, halogen, epoxy, ester, fluoroalkyl, isocyanate, 
blocked isocyanate, aciylate, methaciylate, nitrile, amino, phosphine or polyether group or 
substituents of type R containing at least one such group of type X, and R = hydiogen atom, 

15 alkyl, cycloalkyl, alkenyl, cycloalkenyl, alkynyl or cycloaDsynyl group or polymer unit, eadi 
substituted or unsubstituted, or fimher functionalized oligcmieric silasesquioxane units 
attached via a polym^ unit or a bridging unit 

The substituents of type R in the silasesquioxane can all be identical, producing a so-called 
20 functionalized hQmolq>tic structure in accordance with 
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[(ESiOijsU (RXSiOXJ 



where in + n = zandz>4, 2 corresponding to the number of silicon atoms in the fiamework 
of tiie polyhedral oligomeiic silicon-oxygen cluster unit, and 
5 R = hydrogen atom, alkyl, cycloalkyU alksenyl, cycloalkmyl, alkynyl or cycloalkynyl group 
or polymer unit, each substituted or unaibstituted, or further fimctionalized po^edral 
oligomeric silicon-oxygen cluster units attached via a polymer unit or a bridging unit, 
X= o3Qr, hydroxy, alkoxy, carboxy, silyl, alkylsflyl, alkoxysilyl, siloxy, alkylsiloxy, 
alkoxysiloxy, silylalkyl, alkoxysilylalkyl, alkylsilylalkyl, halogen, epoxy, ester, 
10 fluoroalkyl, isocyanate, blocked isocyanate, acrylate, methacrylate, nitrile, amino, 

phosphine or polyether group or siibstituents of type R comprising at least one such 
group of type X, the substituents of type R bemg identical or different and the 
substituents of type X being identical or different 

15 In one further embodiment of the masterbatch of the invention it is pos^le for at least two of 
the substituents of type R in the polyhedral oligomeric silasesquioxane unit to be difFexent^ in 
which case reference is made to a fimctionalized heteroleptic structure in accordance with 



[(RSiOi^)« (R'XSiO)J 

where m + n«2and2>4, z corresponding to the number of silicon atoms in the framework 
of the polyhedral oligomeric silicon-oxygen cluster unit, and 

R = hydrogen atom, alkyl, cycloalkyl, alkenyl, cycloalfcenyl, alkmyl or cycloaDdnyl gioi^ 
or polymer unit; each substituted or unsubstituted, or further fimctionalized polyhedral 
oligomeric silicon-oxygesi cluster units attached via apolymer unit or ahrid^g unit, 

X« oxy, hydroxy, alkoxy, carboxy, silyl, alkylsilyl, alkoaqrsilyl, silojQr, alkylsiloxy, 
altoxysiloxy, silylalkyl, alkoxysilylalkyl, alkylsilylalkyl, halogen, epoxy, ester, 
fluoroalkyl, isocyanate, blocked isocyanate^ aoylate, methacrylate, nitrile, amino, 
phosphine or polyether group or substituents of type R comprising at least one such 
group of ^e X, the substituents of ^e R being identical or different and Ae 
substituents of type X being identical or different 

It can be especially advantageous if the polyhedral oligomeric silicon-oxygen cluster unit of 
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the mastezbalch of the invention contains not more than one substituent of XL In 
particular it is possible in this way to prevent instances of ciosslinking occuning between the 
polyhedral oligomeiic silicon-oJQrgen clusters individually or between the polyhedral 
oligqmezic silicon-oxygen clusters and flie thennqplastic carrier materials. 

5 

With very particular preference the masterbatch of the mvention conqirises functionalized 
oligcnneric silasesquioxanes of the formula 7 




10 The polyhedral oHgomeric silicon-oiqrgen clusters of the masterbatch of the invention can 
contain a reactive groiq> which is reacted with the carrier material. By this means it is possible 
to bind the polyhedral oligomeric silicon-oxygen clusters in extremely fine dispersion, i.e. m 
molecular structure, coordinatively or covalendy to the thermoplastic carrier Twat*»ripV 

15 In one particular embodhnent of the masterbatches of the invention the polyhedral oligomeric 
silicon-03^gen clusters form at least one bond, preferabtjr a coordinative bond, to &e polymer 
of the thermoplastic carrier material. For this purpose the substituents of type X m die 
polyhedral oligomeric siIiconK)xygen cluster unit and the reactive functional groups of the 
polymers of the thermoplastic canier material must be harmonized with one anoflier. Both the 

20 polymer of the thermoplastic carrier material and the polyhedral oli©)meric silicon-oxy^ 
clusters of the masterbatch of the invention can contam double bonds, hydroxy, carboxy, 
ammo, isocyanate, epoxy, alfcoxysHyl, silo^, alkylsiloxy, alkoxysiloxy or alkojcysilylalkyl 
groups. By mechanical stress, sudi as extrusion, for example, by mcreased ten^erature, 
radiation, addition of moisture or addition of initiator, it is possible for a bond to be formed 

25 between the polymer of the thermoplastic carrier material and the polyhedral oligomeric 
silicon-oxygen chisters, so that it is possible at least for a coordinative bond to form and 
hence for dispersion in the masterbatch of the invention to be extremely fine. Initiating 
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radiation lased can be electron beams, UV radiation or microwave radiatiAn. 

An alternative option is to proceed conversely. This means that the polymer of the 
thermoplastic earner material contains isocyanate, blocked isocyanate, epoxy, alkoxysilyl, 
5 &loxy, alkylsiloxy, alkoxysiloxy or alkoxysilylalkyl groups or vinylic double bonds while the 
polyhedral oligomeiic silicon-oxygen clustera of the mastetbatch of the mvention contain at 
least one hydroxy, caiboxyr, piimaiy or secondaiy ammo group or a double bond. In this case 
as wdl it is possible for dispersion in the mastezbatch of the invention to be extremely fine. 

10 If file polyhedral oligomeiic siMcon-oxygen cluster units are not incoipotated, as described 
above, way of a covalent bond of the polyhedral oHgomeric silicon-oxygen clusters to ±e 
polymers of the thermoplastic carrier material, then flliey can also be so incorpcwated by way 
of a coordinative attachment. In this case as well it is possible to achieve extremely fine 
dispeision of the polyhedral oligpmeric silicon-oxygen cluster in the masterbatch of tiie 

15 invention. 

The masteibatch of the invention can be prepared by reacting the polyhedral oligomeric 
silicon-oj^gen clusters with the melted thermoplastic carrier material hx this case the 
polyhedral oligomeric silicon-oxygen clusters are added by mechanical stress without solvent 
20 to a polymer melt and are reacted with fiie polymer matrix. Particularly suitable apparatuses 
mclude extruders and kneading equipment such as, fiar exaxt^le, Banbmy kneaders and 
mixers. 

This invention additionally provides a process for preparing a transparent fiiemioplastic, 
25 which comprises mixing one part by weight of the masterbatdh of the invention into from 3 to 
1 1 parts by weight of a finther thennoplastic polymer by mechanical stress without solvent at 
a ten^erature of at least SO'^C. 

The addition of the masterbatch of the mvention to a tiiermoplastic polymer m melt fonn can 
30 tal» place etth^ directiy after tiie polymerization; preferably, the masteibateh of tiie invention 
can be added in combmation witti furflier addith^es, such as, for example, heat stabilizers and 
light stabilizers, optical brighteners, antistats, lubricants, antiblocking agents, fillera, dyes or 
pigments - depending on tiie subsequent use of tiie plastic. In one particular embodiment the 
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masterbatch of the invention can also be added to xeady-fbnnulated pellets of the polymer. 

Likewise provided by this invention is a transparent thermoplastic prepared by the process of 
the invention, wherdn the concentration of the polyhedral oligomeric silicon-oxygen clusters 
5 is not more than 5% by weight 



10 



15 



20 



Through the addition of the masterbatch of the invention to a thermoplastic polymer, die 
resultant plastic of the inventira can have a gflass transition tonperature increased by at last 
5%. 

The thermoplastic polymer is composed prefwably of one or more polymers selected fcom 
polyester, copolyester, polycarbonate, polyamide, copolyamide, polyeflier-block-amide, 
cycHc olefin copolymer (COC), polymetiiyl methacrylate, polyphenylene ether, polyurethane, 
polysiloxane, polysilane, polytetrafluoroethylene, polyoxymethylene, polyvinyl chloride, 
vinyl chloride copolymer, polystyrene, copolymers of styrene, acrylonitrUe-butadiene-stytene 
copolymers (ABS polymers), s^^e-acrylonitrile copolymers or rubber. More preferably the 
thermoplastic polymer is composed of one or more polymers selected from polyester, 
copolyester, polymetiiyl methacrylate, polycarbonate, polyamides, copolyamides or 
polye&er-block-amides. 

The plastic of the inveiiticm preferably has the same transparency m respect of 
electromagnetic radiation having a wavelength of from 400 nm to 800 nm as a corresponduig 
plastic absent the masterbatch of the invention. 



25 



30 



The tran^arent thermoplastic of the invention may also feature an mcieased scratch 
resistance as con^ared with tiie plain tiiermoplastic. In order to determine tho s&akih 

resistance a specirnen measuring 2 X 8 X 50 rnm is festened on a horizontal surfece and, un^ 
a pressure of 100 g is subjected to steel wool of tiie type Abrazo fiom Aldi Sud at a 
tenqjerature of aS^'C, 15 times in one dhrecticm for 30 seconds m each case. Subsequenfly die 
treated surfece is inspected fiom a distance of 40 cm for scratehes visible to the human eye. 



The transparent tiiermoplastic of fte invention preferably has an unproved tactflity which can 
be ascertained subjectively. This means tiiat the surfece of tiie plastic of tiie invention feels 
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more velvety, softer, in other words, more 'Velour like". la contrast, where &e tactility is 
poor, the surface feels smooth and cold, in odier words *^lasticky". 

The examples viiuch follow are intended to illustrate ihe invention without being intended to 
5 restrict the invention to this embodiment 

1* Preparation of polyhedral oligomeric silicon-oxygen clusters of the masterbatch of the 
invention 

10 Example 1.1: Synthesis of (IsobaiyQsSisOu 

A solution of 6.4 g (0.11 mol) of KOH in 200 ml of water is added to a solution of 446g 
(2.5 mol) of isobutyltrimethoxysilane (isobutyl)Si(OMe)3 (DYNASYLAN® IBTMO, Degussa 
AG) in 4300 ml of acetone with stirring. The reaction mixture is subsequently stirred at SO^'C 
for 3 days. The resultant precipitate is filtered off and dried in vacuo at 70°C. The 

15 (is6butyl)8Si80i2 product is obtained in a yield of 262 g. 

Example 1.2: Synthesis of (isobutyl)7Si709(OH)3 

At a temperature of 55^C 55 g (63 mmol) of (isobuty^fiSisOu are introduced in 500 ml of an 
acetone/metbanol mixture (volume ratio 84 : 16) contaming 5.0 ml (278 mmol) of H2O and 
20 10.0 g (437mmol) of LiOH. The reaction mixture is then stirred at 55**C to 18 h and 
subsequently added to 500 ml of 1 N hydrochloric add. After 5 minutes of stirring the solid 
obtained is fQtered off and washed with 100 ml of methanol. Drying in air gives. 54.8 g of 
(isobuQr])7Si709(OH)3. 

25 Example 13: Syndicsis of (a-aminopropyQCteobutyQjSisOu 

4,67 g (26mmol) of 3-aminofpropyltriethoxysilane (DYNASYLAN®AMEO, Degussa AG) 
are added at 20'*C to a solution of 20 g (25.3 mmol) of (isobu^l)7Si709(OH)3 (fiom ^can^le 
12) in 20 ml of tetxahydrofuran. The mixture is subsequentiy stirred ovemi^t Then the 
reaction solution is admixed with 100 ml of methanol over the course of 3 minutes. Isolation 

30 by filtration, washing with methanol, and subsequent drying gives 17 g of (3- 
aminopropyl)(isobutyl)7Si80i2 (77.% yield) as a white powder. 
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Example 1^: Synthesis of (3-gIycfdoxypropyl)(isobutyl)7Si80u 

152 g (64.3 mmol) of (3-glycidoxypiopyl)triinetiioxysilane ODYNASYLAN^GLYMO, 
Degussa AG) are added at 20*'C to a solution of 50 g (63 imnol) of (isobutyI)7Si709(OH)3 
(prepared as per example 1.2) in 50 ml of tetrahydiofuran. Following the addition of 2.5 ml of 
5 tetraettiylammoniam hydroxide sohxtion (35% by weight tetraethylammomnm hydroxide in 
water, 6 mmol base, 90 mmol water) the mixture is stirred overnight Removal of about 15 mil 
of tetrahydro&ran results in a white suspension. Further precipitation of the product is 
brought about by slow addition of 250 ml of methanol over the course of 30 nunutes. After 
filtration, the solid which remains is washed witii methanol. Diying giv^ 46g of 
10 (3-glycidoxypropyl)(isobutyl)7Si80i2 (78% yield) as a white powder. 

■ 

2. Preparation of an Inventive mastn-batcb 

Both Polyamide 12 (VESTAMID®) and polybutylene teiephthalate (VESTODUR®), serving 
as thermoplastic carrier material, are first premixed with one of the polyhedral oligomeric 
15 silicon-oxygen clusters prepared in accordance with examples 1.3 and 1.4, in a standard 
commercial mixing drum, and this mixture is then mixed in both cases at 235*^0 on a 
corotating twin-screw extruder (miniextruder) .j&om Haake (Rheomex FTW 16/15) in an 
amount of 100 g in each case. The amount of the polyhedral silicon-o:8ygen cluster added is in 
this case between 10% and 40% by weight 

20 



Table 1: Compilation of the test parametets for exaBq)le 2 



Example 


Polymer 


Polyhedral oligomeric silicon- 
oxygen dusters 


Laventlve 






Amount 

(in % by weight) 


fix>m example 




2A 


Polyfautylene 
terq^hthalate 
(VESTODUR® 1000) 


15 


1.3 


X 


2.2 


25 


1.3 


X 


2.3 








2.4 


Polyamide 12 
(VESTAMID®L1700) 


18 


1.4 


X 


2.5 


30 


1.4 


X 


2.6 
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3. Production of tbe inventive plastic 

After the extiudates have been chopped die masterbatch prepared in example 2 is passed 
again, together with Polyamide 12 or potybutylene terephthalate, through the afoiementioned 
extruder at ISS'^C 100 g of crude pellets ace processed in each case. The masterbatch is 
5 metexed in via a shaker trough in the amounts indicated in the table below. Then test 
specimens wifli a diicfcness of 2 mm, a width of 8 mm and a length of 50 mm are molded 
fiom Polyamide 12 (VESTAMID®) or from polybutylene ter^hthalate (VESTODUR®) in an 
automatic injection molding machine fixnn Dr. Boy (Boy 22A). 



10 Table 2: Compilation of the test parameters from example 3 



Example 


Plastic 

• 


Masterbatch 


Amount of polyhedral 
oligomeric silioon-o^jrgen 
clusters in the plastic 

On %by weight) 


(from 
example) 


Amount 
(in % by 
weight) 


3A 


Polybutylene 
terephthalate 
(VBSTODUR® 1000) 


2.1 


3,3 


0.5 


3.2 


Polybu^lene 
terephthalate 
(VESTODUR® 1000) 


2.2 


4.0 


1.0 


3.3 


Polybutylene 
terephthalate 
(VESTODUR® 1000) 






0 


3.4 


Polyamide 12 
(VESTAMID® L 1700) 


2.5 


1.6 


0.5 


3.5 


Polyamide 12 
(VESTAMID® L 1700) 


2.4 


11.1 


2 


3.6 

- 


Polyamide 12 
(VESTAMID® L 1700) 






0 



4. Characterization of an inventive plastic 
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Example 4.1: Lig|it transmittance or transparency 

Visual compaiiscm of the inventive plastics fixwa examples 2.1 and 2,2 with a plastic fiom 
example 2.3 showed that the three samples have the same light transmittance. Assessment in 
tenns of Kgjit transmittance was made for Ihis puipose iising sheets of the inventive plastics 
5 wilii a thickness of 1 cm, the light having a wavelength of from 400nm to 800 nm. The 
samples have the same transparency if no differences aie poceptible to liie human eye. 



Visual comparison of the inventive plastics fiom exaicples 2.4 and 2.5 with a plastic from 
exaiDple 2.6 also showed tiiat the Ifaree samples have the same li^ transmittance. 

It is found tiiat tiie lig^it tiansmitfance of the plastic is unaffected by tiie addition of die 
inventive masterbatch. The masterbatch thus possesses tiie same light transmittance as the 
canier material. 



IS Example 4.2: Scratch resistance 

The test specimens produced in examples 3,1 to 3.6 are clamped to a horizontal sur&ce and, 
using a standard commercial steel wool pad (Abrazo, from Aldi) which was screwed to a die 
with a weight of 100 are moved in one direction 15 times in each case fbr 30 seconds at a 
temperature of 25**C, Subsequently the treated surfece of the test spedmens is assessed fiom a 

20 distance of 40 an for scratches visible to the human eye. 



Table 3: 



Test specimen 
(from example) 


Scratch resistance 


biventive 


3,1 


3 


X 


3J2 


2 


X 


3.3 


5 




3.4 


3 


X 


3.5 


1 


X 


3,6 


5 





25 



visible to tiie human eye fiom a distance of 40 cm, and 5 denotes very poor scratch resistance, 
i.e., the scratch resistance is die same as that of the conespondmg plastic absent the inventive 
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masterbatch.) 

Fiom table 3 it is evident that the inventive masterbatch significantly increases the sCTatch 
lesistance of &e test specimens examined. 

Example 43: Tactility 

By tactility is meant the subjective sensation when the test specimen comes into contact with 
the hand. A latmg of 1 is intended to express a pleasant sensation, i.e., ^'wann", 'Velour like^, 
and a rating of S an unpleasant sensation, i.e., ^smoo&^\ ^cold", ^lasticky*. 



10 

Table 4: 



Test spedmen 
(from example) 


TactiUty 


Inventive 


3.1 


2 


X 


3.2 


1 


X 


33 


5 




3.4 


2 


X 


3.5 


1 


X 


3.6 


5 





Hie table shows that the tactility of the test specimen produced with the inventive masterbatch 
is significantly enhanced. 



